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EXAMPLES

1. Examples of typical static loading conditions for single and multiole

wedge systems are presented in this Inclosure.

2. These examples are provided to clearly demonstrate the procedure for
applying the general wedge equation to the sliding analysis of single and
multiple wedge systems. The variation of uplift pressure, orientation of
failure planes, etc., used in the examples were only selected to simplify
the calculations, and are not intended to represent the only conditions

to be considered during the design of a hydraulic structure.
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Example 1: Singie Wedge
81 Determine the factor of safety against sliding for the following single wedge system.

Y = 62.5 pef —
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Free Body Diagram

General Wedge Equation

tar, ¢. ¢
[(W; = V) cosa; = U; + (= Hpyl sinai] 5 - (Hj = Mgyl cosa; + (Wi + V) sinajee L
Pic1 —P= !
tan ?;
{cosaj —sina; —- )
FS;

1
Solve for Safety Factor (FS)
i=1 Hgy=0 V=0 Po Py=0 a;=0 cosaq=1 sineq =0

tan 15 <,
0= Wy —Uyl=—— —-H +—L
Fe s

1 1
HL1=;‘100)27W=312~5" Uy =—(75) (100 Yo = 234.4K 1w, =603.8

(W= Uy tan 45% +¢ L

FS =
HL1

(603.8 — 234.4) (1) + 10 (75) (369.4 + 750)
FS = =

= 3.58
3125 3125

FS = 3.58
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Example 2: Multiple Wedges
Determine the factor of safety against sliding for the following five wedge system
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Sliding Stability Analysis
Example: Five Wedge System

Free Body Diagrams of Wedges
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Sliding Stability Analysis
Example: Five Wedge System

General Wedge Equation
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c .

FS;

tan ¢;
fw; - Vi) cosa; -~ U; + (HLi —Hp;l sinai] - (H_; — Hgj) cosa; + {W; + V) sine; «+-_[_|_i
P. +—P. = ;
i—~1 [ i
an®,
(cosa; —sina; )
FS;

1

—--'>+)(i

Sign Convention far General Equation

Wedge Forces for Trial Satety Factor of 1.5

=1 H=Hgi=0
tan®1  tan 20
tan By = = $4 = tan’! (0.243) = 13.64°
FSi 1.5
$4
ay=— (459 + —) = —51.82°
2 This orientation of the failure path
sin (~51.82) = —0.786 is only true if the-stratification and

surface are horizontal
cos (-51.82) =0.618

Ly= 5/ sin (-51.82)| = 5/0.786 = 6.36"
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Sliding Stability Analysis
Example: Five Wedge System

1
W = —(0.117) (5)*6.36 cos (—51.82) = 1.15K1
2 7.20K ¢

V, = (25*.0625) 6.36 cos (~51.82) = 6.14% 1

,
U, == (.0625) (25+30) 6.36 = 10.93%

2
tan 20
[7.29 (0.618) — 10.93] +7.29 (--0.786)
Py —P)= 1.5 __=-9.01K
tan 20
[0.618 — (—0.786) ]
15
(Po—P) =901K
iz2 Hy, =Hg, =0
tan$, tan 30
tan $q = = $4=tan’| (0.385) = 21.08°
FS: 1.5
é
ay = — (45 +—2) = _55.53°
2
sin (~56.53) = —0.8244 cos (—55.53) = 0.566

L, = 10/ |sin (—55.583)| = 12.13’

1
W2 = 0.117 (5) (12.13%0.566) +—(.122) (10) (12.13%0.566) = 8.20K |
2

V2 = (25%.0625) (12.13%0.366) = 10.73K |

1
Uz =—{0.0625) (30+40) (12.13) = 26.53K#
2
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Sliding Stability Analysis
Example: Five Wedge System

tan 30

(18.93 (0.566) — 26.53] +18.93 (—.8244)
(P, ~P;) = 1.5 = —24.56%
tan 30
]

(0.566 — (—0.8244)

1.5

(P, — P3) = 24.56

i=3 a3 =95% |3 =5/sin9.5=230.3

1 R
D — ana k -
Hy, =~(0.0625 (25)2 = 19.53 HR, =0
1
Us =— (0.0625) (40+10) (30.3) = 47.33%~
2

ws = 122.4%
sin 9.69 = 0.165 cos 9.5 = 0.986

tan 30
[122.4 (.986) —44.117] — 19.53 (0.986) + 122.4 (.165)
(P2 —P3) = 1.5 =32.97k
tan 30
(.986 — .165 x

)
1.5

k|

(P2 —Ps) =37.97

i=4 H_, =Hg,=Va=0

tand,  tan 30°
tan ¢4 = - $4 = tan"! (0.385) = 21.05°
FSa 1.5
1
as = 45 —— ¢4 = 34.475°
2

sin (34.475) = 0.566 cos (34.475°) = 0.824
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Stiding Stability Analysis
Example: Five Wedge System

Ls =5/ sin 34.475 = 8.83°

1
Wa= (0.132) (5) (8.83%.824) +—(0.122) (5) (8.83%0.824) = 7.02K |

2
:
Us =—(0.0625) (5+10) (8.83) = 4.14K X
2
tan 30
[7.02 (.824) — 4.14] +7.02 (.566)
(P3 —Pq) = 1.5 = 7.59K
tan 30
[0.824 — 0.566 ——)
1.5

(Ps — Pa) = 7.50K

i=§ H_,=Hg,=Vs=0

tan®s  tan 40
tané = = $4 = tan’! (0.559) = 29.22°
FSs 1.5
1
as = (45 ——¢;) = 30.38 sin 30.38 = 0.5058 cos 30.38 = 0.8626
L

Ls = 5/sin 30.38 = 9.89’

:
Ws =—(0.132) 5 (9.89%0.8626) = 2.82K |
2

1
Us =—{0.0625) (5) (9.89) = 1.545K x

2
tan 40
[2.82%.863 — 1.54] +2.82%.506
(P4 —Ps) = 1.5 =3.32K
tan 40
(.863 — .506 ]
1.5

(Ps —Ps) = 3.32K
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3>..ng Stability Analysis
®-xample: Five Wedge System
N
v Summary: Wedge Forces for Trial Safety Factors
FS=15
1 -5182 636 O 0 6.14 1.15 10.93 -9.01
2 -5553 1213 O 0 10.73 8.20 26.53 —24.56
3 95 303 19.53 0 0 122.4 47.33 32.97
4 3447 883 O 0 0 7.02 4.14 7.59
5 3038 989 0 0 0 2.82 1.54 3.32
APp= 10.31
FS=25
i @ L Hy HR; Vi W; Ui (Pi_q —Py)
1 -—-49.14 661 O 0 6.75 1.27 11.36 -9.10
2 -515 1278 0 0 12.43 9.50 27.95 ~25.48
3 9.5 303 19.53 0 0 122.4 47.33 19.65
4 38.5 8.0 0 0] 0 6.06 3.76 6.26
5 35.72 856 O 0 0 2.29 1.34 2.45
APR = -6.20
FS=2.0
i o L Hy Hpgi Vi Wi Yi (Pimq — P
1 -50.16 6.51 0 0 6.52 1.22 11.19 -9.06
2 -53.05 1251 O 0] 11.73 8.97 27.37 ~25.13
3 9.5 303 19.53 0 0 122.4 47.33 24.53
4 3695 833 O 0 0] 6.43 3.9 6.73
5 3362 9.03 0 0 0 2.48 1.41 2.75
APR = ~0.18
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Sliding Stability Analysis

Example: Five Wedge System

Graphical Salitian far Safety Factor
The safety factor for sliding equilibrium of the five wedge system is determine from:

i=1

(Pi_q — P} =aPg 1

+aP

]’APR =0 Safety factor for equilibrium

APg # 0 For trial safety factors

st Tral
(APn »/0.3i for FS = 1,5,

Sefety Factor for Equiliorum
(aPp =z 0for FS~20)

0.5 1.0 1.5

-+
-

-7 T -aPg

3 Trial
(4Pg 3 -QI8Ffor FS=2)

2ng Trial
(APq® -620f0rfSz 25 —
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